INFLUENCE
Since their discovery the gibberellins have been found to influence a number of plant processes in addition to promoting the growth of stems. The significance of the gibberellins as plant growth regulators has increased, especially since the evidence is now strong that they may occur naturally in higher plants (7, 12, 13).
Gibberellins have been found to replace vernalization requirements (4, 17), and to substitute for day length requirement (17).
Gibberellins have promoted the flowering of plants and have initiated fruit set without pollination (18).
They are known to break the tuber dormancy of potatoes (14) and several species of grasses have been induced to grow out of season by application of gibberellins (5).
Gibberellins can overcome the light inhibition of etiolated pea seedlings (6), and can substitute for the red light requirement of germinating lettuce seeds (3).
In a study of the effect of temperature on the response of Alaska pea to gibberellic acid, Lockhart concluded that gibberellic acid was stimulatory at all temperatures (8).
In this laboratory a program is underway to screen radiation induced mutants of the fungus Gibberella fujikuroi for their production of gibberellins.
To that end germinating barley grains were investigated for use as a bioassay material.
In the course of numerous trial runs to establish the variability of response of the germinating barley grains to various concentrations of potassium gibberellate, a temperature effect was noted which results in inhibition of growth at low concentrations of potassium gibberellate at moderately low temperatures.
In order to verify this phenomenon additional experiments were initiated which culminated in this report.
AIethods and Materials
Grains of barley, variety Montcalm, were steeped in water for 24 hours at 18? C. They were then transferred to Petri dishes and allowed to partially germinate on water moistened filter paper for an additional 48 hours, also at 18? C. The 18? C temperature was chosen as it approximates the malting temperature. The lengthy period of partial germination prior to selection and treatment was used to insure uniformly germinating barley grains for testing. Those barley grains which had 3 seminal roots about 1 cm long were selected for treatment in various concentrations of potassium gibberellate at 3 temperatures.
Grains in lots of 15 were selected for each treatment. The treatments consisted of 5 concentrations of potassium gibberellate, and distilled de-ionized water.
Identically treated sets of barley grains were prepared by placing them in concentrations of 0.001, 0.01, 0.1, 1, and 10 ppm potassium gibberellate (82 % pure supplied by Merck and Company). Distilled water was used for the check. In all cases the lots of 15 grains were placed in Petri dishes on filter paper moistened with 5 ml of the test solution. One set of 6 dishes was placed in each of the following temperatures, 15, 18, and 25? C.
Each set was placed in the 15, 18, or 25? C for 48 hours after which all sets were placed at 25? C for an additional 24 hours. The grains were placed at 25? C for 24 hours to make certain that all acrospores of the grains grew and to make measurement easier. Measurements were made of the lengths of the primary leaves, coleoptiles, and the longest root at this time. Seedlings were held in a 3? C refrigerator until measured.
No seedlings were held more than 2 hours and it is assumed that no major changes occurred in the seedlings in that time. Since refrigerators were used exclusively to obtain the temperatures for the experiments, the seedlings grew in darkness except for the time of the selection of the partially germinated grains for testing and at that time only the seminal roots of the germinating grains had emerged.
At the time of measurement the seedlings were chlorotic.
The experiment was repeated 3 times.
Results
and Discussion Roots_8.5* 102.6** 11.7* 88.6** 103.2** 48.6** t In no case were differences among replications significant.
X * significance at the 0.05 level ; ** significance at the 0.01 level Since the nature of the relationships indicated by the curves is not known, the points have been connected by straight lines rather than smooth curves. Analyses of variance were performed for each concentration at each temperature and the F values for these analyses are contained in table I.
Primary
Leaves:
The primary leaves were measured from the base of the coleoptiles to the tips of the leaves.
In some cases the primary leaves had not emerged from the coleoptiles but they were plainly visible through the coleoptiles and therefore could be measured.
The data in figure 1 for primary leaves indicate that low concentration of potassium gibberellate was inhibitory at 15 and 18? C, but had no effect at 25? C. The greatest growth of primary leaves was in the range from 0.01 to 1 ppm potassium gibberellate at 25? C. This agrees with results obtained with pinto bean (1, 9), dwarf corn (11), and dwarf peas (10).
At each concentration differences among means for primary leaves were statistically significant. For distilled water, 0.01, and 0.1 ppm differences were significant at the 0.05 level and for 0.001, 1, and 10 ppm differences were significant at both the 0.05 and 0.01 level of significance.
Coleoptiles
: As with primary leaves, the concentrations 0.001 and 0.01 ppm potassium gibberellate appear to be inhibitory.
The shape of the curves resembles that of the primary leaves, but not as much total growth of tissue seems to be involved. The concentration 10 ppm is inhibitory at 25? C as well as at the other 2 temperatures.
In many instances the coleoptiles had already been ruptured by the primary leaves at the time of measurement. This phenomenon when it occurred seemed to occur uniformly within a treatment.
As can be seen from an examination of table I, coleoptiles are apparently more uniform in their response to temperature than the other 2 structures. Only for 2 concentrations were mean differences significant and then at the 0.05 level of significance.
Roots : In no case did potassium gibberellate cause an increase in the longest root over that for the distilled water controls.
Whaley (16), however, reported a somewhat stimulatory effect of gibberellic acid on excised corn root tips as did Richardson (15) with roots of Pseudotsuga menziesii (Mirb.) Franco. The temperature effect separates the root response into 2 magnitudes for while there are significant differences among all mean values, there were no significant differences between the curves for 15 and 18? C.
A greater inhibitory effect than might be expected is again evident for the concentrations 0.001 and 0.01 ppm and this effect is apparent at all temperatures tested.
The curves for root length coincide in shape but are displaced with respect to temperature.
In order to provide a measure of the variability within treatment, standard errors were computed for all parts measured for all concentrations at all tem- From the foregoing discussion a number of conclusions may be drawn.
All the curves have some features in common.
All show stimulation and inhibition of the growth of primary leaves, coleoptiles and roots sequentially at similar concentrations of potassium gibberellate. The range from 0.01 to 0.1 ppm in all cases is stimulatory compared to lower concentrations, but more important the range from 0.001 to 0.01 was either inhibitory in the 15 and 18? C environment or ineffective as in the 25? C temperature. This is contrary to the usual expection with plant growth substances where it is expected that low concentrations would be stimulatory and higher concentrations inhibitory.
This finding is, however, in agreement with the observation of Barlow, Hancock, and Lacey (2) who demonstrated that low concentrations of indole acetic acid could be inhibitory to the growth of young wheat coleoptiles. In the experiments reported here the higher concentrations are inhibitory and under the test conditions only the intermediate concentrations seem to be stimulatory.
Summary
The growth of germinating barley grains appears to be inhibited by 0.001 and 0.01 ppm potassium gibberellate, if the germinating barley is held at moderately low temperatures.
The range of concentration from 0.01 to 0.1 ppm is in general stimulatory for primary leaves and coleoptiles, however no concentration was stimulatory for roots.
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